The purpose of this study was to examine the intra-and interrater reliability of measuring shoulder range of motion (ROM) and strength among patients diagnosed with subacromial impingement syndrome (SAIS). Twenty-five patients (14 female patients; mean age, 60.4± 7.84 years) diagnosed with SAIS were assessed to determine the intrarater reliability for glenohumeral ROM. Twenty-five patients (16 female patients; mean age, 60.4± 7.80 years) and 76 asymptomatic volunteers (52 female volunteers; mean age, 29.4± 14.1 years) were assessed for interrater reliability. Dependent variables were active shoulder ROM and isometric strength. Intrarater reliability was fair-to-excellent for the SAIS patients (intraclass correlation coefficient [ICC], 0.52-0.97; standard error of measurement [SEM], 4.4°-9.9° N; coefficient of variation [CV], 7.1%-44.9%). Based on the ICC, 11 of 12 parameters (92%) displayed an excellent reliability (ICC> 0.75). The interrater reliability showed fair-to-excellent results (SAIS patients: ICC, 0.13-0.98; SEM, 2.3°-8.8°; CV, 3.6%-37.0%; controls: ICC, 0.11-0.96; SEM, 3.0°-35.4°; CV, 5.6%-26.4%). In accordance with the intrarater reliability, glenohumeral adduction ROM was the only parameter with an ICC below 0.75 for both samples. Painful shoulder ROM in the SAIS patients showed no influence on the quality of reliability for measurement. Therefore, these protocols should be considered reliable assessment techniques in the prevention, diagnosis, and treatment of painful shoulder conditions such as SAIS.
INTRODUCTION
Before any measurements or assessments can be utilized for clinical or research related application, the reliability of these techniques must be determined (Koo and Li, 2016) . Intraclass correlation coefficients (ICC) are calculated by mean squares obtained through an analysis of variance (Bartko, 1966) . Currently, the ICC has been widely used in evaluation of interrater, intrarater or test-retest reliability (Portney and Watkins, 2000) . These fundamental evaluations are the basis for clinical or research related assessments, because without them, we cannot conclude the reliability of any drawn conclusions (Koo and Li, 2016) .
The measurement of flexibility and strength are critical aspects of a clinician's evaluation. Identifying aberrations in range of motion (ROM) or strength can assist in the prevention, diagnosis and rehabilitation of shoulder injuries . Therefore, it is important for clinicians and researchers to utilize reliable and valid measurement techniques to objectively evaluate functional joint motion (Cools et al., 2014; Kolber et al., 2007 . Goniometry has been widely used as the gold standard for clinical assessment because it is a cost effective method that can be used in al-most any setting. However, the tester is often required to use both hands, making stabilization of the joint more challenging or requiring the need for a second tester (Wilk et al., 2009) . Manual muscle testing is often considered the gold standard among clinical techniques that assess strength (Schrama et al., 2014) . Although isokinetic dynamometry provides a more sophisticated analysis, the upper extremity rarely produces isokinetic muscle actions during daily activities (Schrama et al., 2014) . Subsequently, isokinetic testing is often not cost effective (Stark et al., 2011) . Previous research has shown that testing with an isokinetic device has a strong correlation with a handheld dynamometer (HHD), indicating that this device is a valid tool for measuring upper extremity muscular strength (Stark et al., 2011) . However, the HHD is limited by the strength and stabilisation capabilities of the examiner administering the test (Bohannon, 1986; Wang et al., 2002) .
Subacromial impingement syndrome (SAIS) has been noted to be one of the most common shoulder injuries (Lewis, 2009) . Patients with SAIS often present with various symptoms including altered muscular strength and ROM. More specifically, these patients may report with decreased glenohumeral internal and external rotation (ER) ROM (Tyler et al., 1999) as well as decreased muscular activity (Roddey et al., 2005) or rotator cuff strength (Leroux et al., 2015) . Because of these alterations the assessment of ROM and strength among SAIS patients are considered to be critical aspects when assessing shoulder function (Cools et al., 2014) . Therefore, the purpose of this study was to determine if there is any influence on inter-and intrarater reliability when using goniometry or a HHD to measure glenohumeral active ROM and isometric strength among SAIS patients.
MATERIALS AND METHODS

Design
This study used a descriptive design in a laboratory setting. Criteria for inclusion were the primary onset of SAIS of one shoulder with clinically pathological functional tests, positive radiological signs (i.e., pathological acromion types), and reduction of the acromiohumeral index and the acromiohumeral distance. For anamnesis there must have been no trauma, no prior conservative therapy or surgery, and no clinical or ultrasound signs of rotator cuff lesions. Only one shoulder was affected and each participant was screened by a medical doctor to rule out pre-existent neck and elbow pathologies. Subjects were excluded based on the following criteria: history of trauma, complaints of pain for 6 months or longer, preexistent shoulder surgeries, any kind of prior therapy, bilateral problems or neurological deficits incompliance to follow study protocol. Asymptomatic subjects were voluntarily recruited from a local Medical School. Each asymptomatic subject was clinically assessed for any neck, shoulder or elbow injuries. These control subjects were excluded if any persistent or recurrent pain or limited ROM was identified.
Subjects
Twenty 
Measurements
Shoulder flexibility was measured using a standard goniometer, which has a reported accuracy within 1° and a range of 180°. Isometric muscle strength was measured using the IsoForceControl EVO2 hand-held dynamometer (Medical Device Solutions AG, Oberburg, Switzerland), which can measure loads up to 400 N.
All participants completed a standardized 2-min warm-up, which consisted of shoulder motions in all planes of movement. The glenohumeral active ROM and isometric strength assessments for all groups consisted of flexion, extension, internal rotation (IR), ER, abduction and adduction. One (intrarater) and two (interrater) experienced examiners completed all ROM and isometric strength measurements with support from a research assistant. The order of testing was not randomized and consisted of three trials for each measurement with one week between the two testing sessions. No subjects participated in any sport related activities during the testing period (Fieseler et al., 2015a (Fieseler et al., , 2015b (Fieseler et al., , 2015c .
ROM measurements
Participants were supine for all active glenohumeral ROM assessments. Their shoulders were placed into 90° of shoulder abduction, 90° of elbow flexion and a neutral wrist position (Fieseler et al., 2015a (Fieseler et al., , 2015b (Fieseler et al., , 2015c . Similar to the methodology used by Wilk et al. (2009) one investigator applied stabilization of the scapula to prevent any accessory movement (Fieseler et al., 2015a (Fieseler et al., , 2015b (Fieseler et al., , 2015c Wilk et al., 2009) . For rotational ROM the fulcrum of the goniometer was placed over the lateral epicondyle of the humerus, the stationary arm was vertical and the moveable arm in line with the styloid process of the ulna (Cools et al., 2014) . For measurement of shoulder flexion and extension, subjects were asked to move to the lateral edge of the examination table to provide free range of movement forward and backward without destabilizing the scapula from the underground.
Strength measurements
Participants were supine for all isometric glenohumeral strength measurements with their test shoulder in 90° of abduction, 90° of elbow flexion, and a neutral wrist position. The investigator then provided stabilization of the scapula. Each subject held the HHD strap and provided an isometric contraction into either an internal or ER direction while a counter force was applied by the investigator. All isometric contractions were held for 10 sec with a total of 3 trials per motion. The average of the 3 trials was then used for statistical analysis (Fieseler et al., 2015a (Fieseler et al., , 2015b (Fieseler et al., , 2015c .
Statistical analysis
Descriptive statistics for all participants were calculated. Dependent variables consisted of active ROM and isometric strength. A general linear model was used to identify any differences between examinations (one and two) or investigators (one and two).
Test-retest reliability was assessed using ICC and standard error of measurement (SEM) (Schrama et al., 2014) . Interpretation of ICC values was based on guidelines provided by Portney and Watkins (2000) , where a value above 0.75 was classified as good or excellent reliability, while those below 0.75 are indicative of poor to moderate reliability (Portney and Watkins, 2000) . SEM was reported in conjunction with the ICC's using the formula: SEM= standard deviation √1−r (Koo and Li, 2016; Portney and Watkins, 2000) . 95% limits of agreement (LOA) were calculated using the formula: 95% LOA=mean difference±2SD (Koo and Li, 2016; Portney and Watkins, 2000) . The coefficient of variation (CV) was derived from log-transformed data (Hopker et al., 2010) . The 95% confidence intervals were also calculated for each CV and ICC. Finally, between tests differences were determined using one-way analysis of variance. IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY, USA) was utilized for all analyses.
RESULTS
Intrarater reliability for the SAIS group can be viewed in Table  1 . Interrater reliability for the SAIS group can be found in Table 2,  while Table 3 shows the interrater reliability for the control group. The intrarater reliability for painful shoulder varied from 0.52 for adduction ROM to 0.97 for IR strength. The SEM ranged from 4.36° for extension ROM to 9.86 N for adduction strength. The CV moved between 7.1% for flexion ROM and 44.9% for adduc- tion strength. Based on the ICC, 11 of 12 parameters (92%) displayed an excellent reliability (ICC>0.75). Among both intrarater and interrater reliability 89% (32 of 36) of all shoulder parameters showed excellent reliability. The interrater reliability showed poor-to-excellent results (SAIS patients: ICC, 0.13-0.98; SEM, 2.3°-8.8°; CV, 3.6%-37.0%; healthy subjects: ICC, 0.11-0.96; SEM, 3.0°-35.4°; CV, 5.6%-26.4%). In accordance with the intrarater reliability, adduction ROM was the only parameter with an ICC below 0.75 for both samples. Additionally for healthy subjects, the flexion ROM of shoulder showed also a poor level of reliability (ICC, 0.11; SEM, 35.4°; CV, 26.4%).
During intrarater reliability measurements the SAIS patients showed the largest LOA for adduction strength (38.0 N; upper limit, 35.4; lower limit, -40.6). The smallest LOA was found for extension ROM (15.8°; upper limit, 13.8°; lower limit, -17.8°). For interrater reliability among SAIS patients the largest LOA was detected for IR strength (29.7 N; upper limit, 11.3N; lower limit, -18.4N) and the smallest LOA for extension ROM (9.0°; upper limit, 4.4°; lower limit, -4.7°). The IR ROM was the parameter with the smallest LOA for healthy subjects (14.1°; upper limit, 9.4°; lower limit, -4.7°). In comparison, flexion ROM showed the largest LOA for healthy individuals (133.3°; upper limit, 64.9°; 7 (16.8-36.4) Values are presented as mean± standard deviation. ICC, intrarater coefficient correlation; CI, confidence interval; SEM, standard error of measurement; CV, coefficient of variation; IR, internal rotation; ER, external rotation; Flex, flexion; Ext, extension; Abd, abduction; Add, adduction; ROM, range of motion. *ICC> 0.75 highlighted in bold.
lower limit, -68.4°). Altogether, the limits of agreement for healthy subjects were surprisingly larger compared to the SAIS patients (mean LOA: 20.0° vs. 39.6°).
DISCUSSION
This is the first study to investigate the parameters for intraand interrater reliability of measuring glenohumeral active ROM and isometric strength among patients diagnosed with painful SAIS and control participants. This study reported moderate-to-excellent intrarater reliability for all active shoulder ROM measurements. These results also showed good-to-excellent intrarater reliability for isometric shoulder strength tests in all ROM directions using a HHD. For interrater reliability all shoulder ROM and strength measurements showed excellent reliability with the exception of adduction ROM, which was poor. These results demonstrate the good reliability and accuracy of measuring glenohumeral ROM and strength among patients diagnosed with SAIS. Cools et al. (2014) measured the reliability of passive shoulder ROM among individuals without any pain using two investigators during a single testing session. These authors reported that placing patients in different positions and using different technical equipment, such as goniometers and inclinometers, may influence the outcomes for both internal and ER (Cools et al., 2014) . Conversely, other results (Kolber et al., 2007 have reported interchangeable results when using a goniometer and digital inclinometer. Due to such discrepancies in previous research it is important to identify reliable and accurate clinical methods for assessing shoulder ROM and strength. This is evident among SAIS patients who often present with less internal and ER ROM compared to controls (Tyler et al., 1999) . Due to the common occurrence of posterior shoulder tightness among these patients it is critical to identify accurate methods for assessing ROM. The findings of the current study demonstrate that using a goniometer and proper stabilization is a reliable method for measuring active ROM among patients with SAIS. This technique also showed similar reliability to those of Kolber et al. (2007 , , and our Fieseler et al. (2015a Fieseler et al. ( , 2015b Fieseler et al. ( , 2015c who measured active shoulder ROM and others who have investigated passive ROM among asymptomatic individuals (Cools et al., 2014) .
There is a plethora of research reporting on the reliability of using a HHD for measuring shoulder strength among asymptomatic individuals. This reliability has been investigated among varying scenarios such as repeated use during a single session (Bohannon, 1986) , under different shoulder positions (Andersen et al., 2014) , using different stabilization techniques (Kolber et al., 2007) , using different dynamometer placements (McMahon et al., 1992) , and tester strength (Wikholm and Bohannon, 1991) to name but a few. Much of this research has shown good reliability. One study (Gajdosik, 2005) reported that when assessing children between the ages of 28-50 months there is fair-to-excellent reliability. Similarly, other research has shown good reliability, however this finding was assessed in adults without any throwing experience (Wang et al., 2002) . Conversely, Schrama et al. (2014) concluded that testing strength with a HHD was only acceptable for the elbow among asymptomatic individuals. There are even reliability reports for strength among varying pathologic individuals such as patients diagnosed with spinal cord injuries (May et al., 1997) , cervical radiculopathy (Persson et al., 1997) , chronic obstructive pulmonary disease (O'Shea et al., 2007) , brachial plexus injuries (Tsai et al., 2015) , and even Duchenne muscular dystrophy (Stuberg and Metcalf, 1988) .
Despite SAIS being one of the most common shoulder disorders among individuals of all ages and activity levels (Lewis, 2009) , no research has investigated the reliability of measuring isometric strength among this population. This void of knowledge is even more important when you consider that previous research has reported insufficient muscular activity or weakness of the rotator cuff among patients with SAIS. More specifically, Leroux et al. (2015) showed that SAIS patients have less internal and ER strength, as well as a less internal-external rotator ratio compared to controls. Furthermore, muscle activity among SAIS patients has been shown to be reduced during the first arc of motion and the inferior force vector, created by the infraspinatus and subscapularis, is less functional when compared to controls (Reddy et al., 2000) . Due to these altered muscular activity and strength levels among SAIS patients it is important to understand the reliability of measuring this functional characteristic. Although, previous research has reported a large span of ICC grades for glenohumeral strength, especially among athletes and symptomatic patients (Schrama et al., 2014) . The results of the current study are the first to investigate and report good reliability for measuring glenohumeral strength among SAIS patients. These findings emphasize the use of consistent and standardized protocols during assessment, such as subject positioning and stabilization.
As with any research there are some limitations worth noting from this study. End ROM measurements taken during active ROM tests are determined through subjective criteria. Similarly, during strength assessments the authors of this study had to as-sume that each participant was providing a maximum effort. Although our ROM techniques were found to be reliable, these measurements required two clinicians to be effective: one examiner to align the goniometer and an additional investigator to stabilize the scapula. This may prove problematic for some clinicians who do not often have access to an assistant during examinations. This study also consisted of only patients diagnosed with SAIS. Patients with other forms of shoulder, elbow, or spinal pathologies may present with varying results. Future studies should investigate the reliability for measuring flexibility and strength among a variety of symptomatic populations, such as SLAP lesions, internal impingement, and adhesive capsulitis.
This study demonstrated a clinically applicable and standardized protocol for determining glenohumeral ROM and strength. More specifically, these techniques revealed good-to-excellent intra-and interrater reliability for active shoulder ROM and isometric strength using a standard goniometer and HHD among SAIS patients. Interrater glenohumeral adduction ROM was the only characteristic found to have poor reliability. The positioning and stabilization techniques described in this study should be considered in the prevention, evaluation, and rehabilitation of patients diagnosed with SAIS. These findings may provide clinicians with the confidence for using similar techniques in the evaluation and treatment of patients with shoulder pain.
